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PREFACE

This report presents the description of a computer code which used the
spectrum characterization methods developed in a reseaT1h program entitled
"Improved Methods for Predicting Spectrum Loading Effects." This program
was administrated by the Flight Dynamics Laboratory of the Air Force Wright
Aeronautical Laboratory, Wright-Patterson Air Force Base, Ohio, undcr Contract
F33615-077-C-3121, Project 2401, "Structural Mechanics" Task 240101, "Struc-
tural Integrity for Military Aerospace Vehicles," Work Unit 24010120. R.M.
Engle (AFWAL/FIBEC) was the Air Force project engineer.

This research program was primarily conducted by personnel from the
Fatigue and Fracture Mechanics Group, Dynamics Technology, Structure Systems,
supervised by George E. Fitch, jr., supervisor, Joseph S. Rosenthal, manager,
and Dr. Leslie MI. Lackman, director. James B. Chang was the program manager
and principal investigator. Edward Klein participated in the original
development of this computer code. The spectrum characterization procedure
used in this computer code was developed in Phase I of this research effort
by Drs. Hasanobu Shinozuka and Rimas Vaicaitis.
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Section I

I INTRODUCTION

Current military standard MIL-STD-1530A "Aircraft Structural Integrity

Program, Airplane Requirements"' ( ), states that two major activities designed
to focus attention on each potential crack problem shall be included in the
force management task. They are the Force Structural Maintenance (FSM)
Plan and the Individual Airplane Tracking (IAT) Program. In addition, force
management activities also include the loads/environmental spectral survey
(L/ESS), updating the design analysis, developing inspection and repair
criteria, and forming a structural strength survey.

The objective of the IAT program is to predict the potential crack grol.th
in critical are.s of each airframe, keyed to crack-growth limits, damage-
tolerance limits, inspection times, and economic repair times. In the IAT
program, an individual airplane tracking analysis method which establishes and

adjusts inspection and repair intervals for each critical area of the airframe,
based on the individual airplane usage data, must be developed suited for a
particular aircraft system. The damage-tolerance and durability analysis and
associated test data are used to establish the tracking analysis method. Ihis
tracking analysis provides the capability to predict crack-growth rates, time
to reach the critical crack sizes, and crack size as a function of total flight
time and aircraft usage data.

According to a survey conducted by the University of Dayton/Lockheed/

Vought team, there are about 11 IAT methods being used in the IAT programs of
25 aircraft systems in the Air Force inventory. Among them, five methods are
Lased on crack-growth analysis(2). The common practice is to employ a cycle-

by-cycle crack-growth computer program to compute the crack growth for a
flight or a number of flights.

From the economical point of view, the use of a cycle-by-cycle crack-
growth computer code to compute the crack growth in the IAT program is
definitely not cost effective. This is not only because the cycle-by-cycle

crack-growth analysis consumes too much computation time, resulting in
excessive computer cost, but also because there is no need for an accurate
representation of the crack-growth behavior on the stress-level-by-stress-

level basis for performing individual airplane tracking. Furthermore,
it is highly desirable to operate the crack-growth analysis code on a
variety of computer systems. It is even more desirable that such codes can

be operated on the onboard type of minicomputers. Capacities of such
computer systems prevent the use of the sophisticated cycle-by-cycle groiwth
method.

II
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It is for those reasons a fatigue crack-growth prediction procedure
which uses two random spectrum characterization methods developed in phase I
of this research effort, "Improved Methods for Predicting Spectrum Loading
Effects" (3), was formulated. These two methods were identified as Method
I and Method II in Reference 3. Method I is used to develop equivalent load
spectra in terms of constant-amplitude stress histories (one cycle per flight).
Method II is used to characterize each mission segment in a flight by a
constant-amplitude load segment; a flight is assumed to consist of constant-
amplitude mission segments.

A computer code, FLTGRO, was developed in the second phase of the
aforementioned research effort. Both Method I and Method II have been
implemented into FLTGRO. It has been subsequently used in providing analytical
analytical predictions on 41 random flight spectrum test cases. Analytical
predictions were correlated with the test data. Very good correlations were
shown. Results of thelst data correlations were documented in the final
report of this program . This report presents the description of the two
spectrum characterization methods implemented in FLTGRO and provides detailed
instructions to the user for executing the FLTGRO program.

II



Section II

9 TECI~t Cg I ©L DTrSCUSSION

The crack-growth prediction methodology implemented in this computer codh
uses two spectnrn characterization approaches. One approach, identified as
.1ethod 1, is able to characterize the random flight spectrum or the ordered
flight spectrum into the ejuivalent constant-amplitude load inigs in one-
cycle-per-flight format. The second approach, identified as I 'ethod 11, is
able to represent each flight segment in a flight such as climb segment,
imaneuver segment, descent segment, etc, by a constant- amplitude load
seglent. A flight is then assumed to consist of several constant -amiI i tude
segments as shoxn schematically in Figure 1. The following are brief des-
cript ions of the necessary steps required for these two approaches. Refer
t6-1!,ference 1 for a detailed description of each method.

2.1. \9:Tlt0) I- ONM-CYCL-PER-FLlGtrr CRXCK-GROWIt PPd)ICTON \llIltOD

a. G;enerate sample stress histories for all missions and mission
sepigents considered in certain combinations. Repeat the procedure
NA times to produce NA consecutive sample fliiht spectra which
is called a umitblock.

b. Use a cycle-by-cycle crack-growth analysis computer routine to
evaluate the craci groith a due to the tunitblock fliglht spectra
tinder a prescribed number of different values of initial crack
size ao . Then, calculate da/dF = Aa/\A.

c. Fstablish the following relationship on the hasis of the foreo ii,
nlulerical results:

da/dF: = (I)

where K is a measure of the stress intensity fctor represent il-
the overall effect of the anithlock on the crack gro\,th. In a
mathematical form, K is ITitten as

K=. l,! ja
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i ere (.') represents the statist ical average of the hth power oC
the stress tangieLo€r in the stress history and 0(a) is a ftuction
crack size and other geomietries; e.g r ccnter-throiwh ciack in
a plate under tensile load,

i(a) = * V/sec (- a/IVl

d. Plot da/dF against K for a nTinher of different values of crack sizc
a on a double logarithm scale. Then determine the two parameters C
and . Each of the flight spectra representin a particular combi mina-
tion of the stress parameters with the rate of cracb-Proiwth evalu ated
is then replaced by a constant-amplitude stress spectrin xith tile
equivalent rate of crack growth.

e. Repeat the same procedures for other combinations of strs pararm-
eters, resulting in corresponding values of C, ., and -bl/b and
also in corresponding equivalent constant-amplitude stress spect va.
Thus, obtain a ntnber of sets of parameters

>, bI/b] b 1 /bi

and a ninber of growth rates applicable to each of the particular
stress parameter combinations.

(da/dF) = C (K

(daidF) , ( (K) -

-~N
(da/dli =CN N~~

where N is the total numbler of stress-parameter combinations to be
considered. Hfence, the problem of mission mix and mission sequeenc
can he solved h1" choosing those growth-rate equations pertinent to
the missions in the mix and applying them in the sequence corrsponId
int to the mix.
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f. The crack-growth life (F) in flights is obtained by the modified
modified linear approximation damage accumudation technique.

2.2. N11E.TOD II -- LTISEQEN1-PER-FLIGHT CP\CK-GROW11I METHOD

The one-cycle-per-flight approach may not be appropriate for the hiihly
maneuverable fighter-type aircraft. [fence, a multisegment-per-flight crack
growth methodology was developed. Figure 1 schematically illustrates the
conversion of the random flight spectrum to the multisegment-per-flight
spectrum.

The multisegment-per-flight crack-growth methodology also uses the
analytical procedure as does the one-cycle-per-flight, except the crack-
growth rate is on a cycle-per-segment (da/dS) basis rather than a cycle-per-
flight (da/dF) basis. The following are brief descriptions of the necessary
required steps:

a. Generate sample stress histories for a specific flight segment such
as a manuver segment; repeat the procedure N.A times to produce "'A
consecutive sample flight segments (a uniblock).

b. Use a cycle-by-cycle crack-growth computer program to calculate the
crack growth ,a due to the unitblock flight segment starting from a
prescribed initial crack size ao; then, determine da/ds = Aa/n i.
Repeat the procedure for a predescribed number of different ao
values.

c. Establish the following relationship on the basis of the aforemen-
tioned results:

da/ds = c (K)

where K is the measure of the stress intensity factor representing
the overall effect of the tmitblock on the crack growth. In a
mathematical form, K can be represented by

b 1/b)
K = (Acb) '(a)

The ~ ~~ ten I /b i
The tern (Li /  is the statistical average of the b-th power
of the stress range, Ac7; 'P(a) is a function of crack size and
other geometrical parameters.

6



d. P lot daids aga mnt K on a double logar it hr sca Ie; tIl'fn, determ ine t lic
two parameters C and Choose either the appropriate Va lue cf9 -'max or :rin and then calculate the corrcsponding -rin or -max
on 1.7b)l/h Value, resulting ill the corresponding, V I LIC of C, ,1hn1

,max, ,min of the equivalent constant-aplitude flight segment.

e. Repeat the same procedures for other flight segments and thus
obtain a ntinber of sets of parameters

1' 0 mx 1  min 1] ' ,max minj. .

and a number of growth rates applicable to each of the particular
flight segiments

(da/ds)l = C (K

(da/ds)b = C, (K'))

A.

(da/ds)i = Ci (Ki)

where i is the ntnber of flight segments considered in a typical
flight.

f. Choose the nunber of cycles ni in each segment and then convert the
crack-growth-per-segment rate (da/ds) into the crack-growth-per-cyc le
rate (da/dn), resulting in

(da/dn)i = (da/ds) = i(K)

g. Use a cycle-by-cycle crack-growth analysis computer program to
calculate the growth behavior.

*7



The cycle-by-cycle crack-growth subroutine built in FLGRO is identified
as i:STCI. The crack-growth methodology implemented in FSTCAI. is similar to
that adopted in CRKGRO, the detailed level crack-growth analysis program.
A detailed description of the methodology is documented in the tUser's Manual
of CRKGRO M. The following paragraphs describe the highlights of the
methodology.

2.3. CRACK-GROWIlt RATE EQUATION

For cyclic loadings containing positive stress ratios (i.e., R _: 0), the
modified Walker equation is used to describe the crack-growth rate per cycle
(da/&LN). The modified Walker equation can be expressed as:

For AK- AKth, R _ 0

da/dN = C [AK/(l-R)1-m] n R R = R

cut' cut

Fo1 AK < AK th R - 0

da/dN = 0

where C and n are the grou.th rate constants, m is the stress-ratio collapsing
factor, and Rut is the cutoff values of positive stress ratio.

For cyclic loadings containing negative stress ratios (i.e., R - 0), the
Chang acceleration equation 6 ) is used. In mathematical form, the Chang
equation is expressed as: q in

da/cdN = C (I + R ) Kma x  Rt, R R

R< Rcu t R =Rcut

where q is the acceleration index, and Rcut is the cutoff value for the nega-
tive stress ratio.

8



2.,4. 1POM) I N'VIR..\ ION NIOt)ll

The Willenborg/Chang load interact ion model is adopted in 1SIVA\l to
accotnt for the spectnnn loading effects. This model uses the generalized
Ni I lenborg model ( 8 ) to accotut for the tensile overload retardat ion effects,
and the Chang acceleration scheme to account for the negative stress effects.
The generalized Willenborg model can be witten in the following form:

(K K K I K'(
Mma [ max

(K ) =K , 011/Aa
min eff mi _[ max Max

I - (Kll x K a ] Rs - 1)
th max

where 1 ma is the stress- intensity-factor corresponding to the maximuii
remotely applied stress, L is the stress-intensity-factor corresponding
to the maximuin stress of the overload, Aa is the incremental growth follo,-
ing the overload, 'oi1 is the overload interaction zone size, and RSO) is the
overload shutoff ratio.

For spectnim loadings, the effect ive stress- intensitv-factor ran.e and
effective stress ratio are expressed in terms of the maximin. and minimun
effective stress intensity factors as follows:

AKeff = (max eff - (min eff = ZAKOO

Rff (Kmin eff/ (Kmax )eff

In the load- interact ion-accounted- for option, the program uses the follow-
ing equation to account for tensile overload retardation effect:

For A eff )th 0

[ in
da/dN C K eff/0l R off 1- - + - O

eff Cut c f f Cut
--- 4 -

4ef ICl' R'f : ] u



ForA Keff < S Kth

da/dN = 0

where C, n, m, and RKut are the same crack-growth rate parameters described
under "Fatigue Crack-Growth-Rate Equation." The threshold values of the
stress-intensity-factor range are also identical to those used in the
constant-amplitude cases.

If the effective stress ratio is negative (i.e., Reff < 0), the Chang
negative stress ratio equation is used in this program, which accounts for
the compressive load acceleration effect:

da/cN = + )e (K ax)eff n, eff _cut' eff = Reff

R ff <Rcut' Reff = Rut

where q is the acceleration index determined from test data generated for a
specific negative stress ratio R < 0 and its R = 0 counterpart.

Reduction of the overload retardation effect caused by a compressive
spike load immediately following the tensile overload is accounted for
through an effective overload interaction zone concept proposed by Changt l).
The effective overload interaction zone is defined in terms of the negative
effective stress ratio (R < 0) as:

eff

r ) =(1 + -R :) R >R K R
oL eff eff oL ,  eff -Rcut' eff eff

R ~R R =R
eff cut , eff cut

where :oL is the plastic zone size introduced by the tensile overload.

The plane strain plastic zone size is used if the stress intensity factor
at the maximum depth for a part-through crack is to be calculated. The plane
stress plastic zone size is used at the length direction for TC's and PTC's.
The plane stress and plane strain plastic zone sizes are:

10



I max

ol_ plane strain - I ma)

(:oL plane stress (

where Ft,. is the material tensile yield strength.

2. S. DAMAGE ACCUULATION SCHNTI.

The Vroman linear approximation method has been incorporated into t hl
computer program as the damage accumulation scheme. The following para-
graphs briefly describe the method.

For a given load spectrum as schematically shown in Table 1, the Vroman
damage accumulation scheme proceeds by considering a load step (i) and using

anaxi and amini to calculate (da/dN)i. The value of (.Ola)/(da/dN) i is then
compared to Ni, where "a" is the instantaneous crack size. If (0.01a)/tda/(L\ i
is greater than Ni, then the crack growth for that particular load step is
La = Ni x (da/dN)i, the crack has then grown from "a" to (a + La), and the
program proceeds to the next load step.

If (O.Ola)/(da/dN)i is less than or equal to Ni, the crack size will be
(a + O.Ola), and this load step is reexamined. This process continues , ith
(U.Ola)/(da/dN)i being compared to the remaining cycles in the step. WhIen all
load steps in the block or flight have been examined, the prograj then pro-
ceeds to the first step of the next block (or flight) and continues.

11
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TABLE 1. A TPICAL STRESS SPECR.Rv TABLE (SCHEMATIC)

No. ol' Cvc/
Stj~Ma\ Stress~ \ln Strecss Block (Flight)

Or 
N~i I

0r [(y
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2. (.. CRA(K GROI','lt UPI):\IN(; SiI IYf

The lTGRO program uses a random 1ccess disk file to store crack-.roth
data for each control points and each tyl)e ot mission. tach control point
reLuires the following information: (1) material constants, tNp~e of cr:ick,
crack geometry, and other parameters necessary to grow a crack, (2) mission
ty-pe and associated growth rate constants, and (3) a ba'e mission mix. lor
the crack-growth-per- flight (da/df) approa t1 t growth-rate parameter stored
on the tracking operating file are C, A , vja) , the stress ratio, and
the maximnm spectrnun stress. The multisegment-per-flight method stores growth
rate paramreter for each flight segment; i.e., c, n, the RINMS of the maximtu
stress in a flight segment, the RMS ofall)i n in a flight segent, and the num-
ber of cycles per segment. The base mission mix is a unitblock of m missions
and the number of occurrences per mission.

In any time frame of the Individual Aircraft Tracking (I1AT) program,
crack growth at a control point can be tracked by executing the FI.T(RO pro-
gram for the missions that have been completed and accessing the data base to
obtain the growth rate parameters for each mission. Capability is provided
for adding new missions to the data base or to the baseline mission mix. The
crack-growth equation coefficients are computed and optionally replaceUt or
appended to the data base. If the missions floin were deviating from the
baseline mission mix, the base mix can be updated to reflect the change.

The -ATGRO program produces a plot of crack length versus life in flights
for the actual nu-ber of missions completed. The baseline mission mix can
be optionally plotted on the same graph with the actual crack-groith history
or can be displayed individually. The baseline mission is grown to failure to
illustrate the life of the control point specimen. Another option is avail-
able which appends the base mission crack-growth history the actual growth
history. A combination of all these options in figure 2 shows the life of :1
control point if the base mission was flown, in comparison to the actual life
and the predicted life if the base mission is appended.

'.3,



IATGRO TRACKING PROGRAM CRACK GROWTH ANALYSIS

M-91 WITH DIFFERENT MISSION PARAMETERS

lI .' _______________, ___________ ____ ____

I 1 'I

I I _

.I1IG IC -A 5 __RV_ C_

L_____ 1 5

- I I

Figure 2. 'I.CN C

4.--

(.J I,' .

I , ; p _

\-----"-"."-- ____-- __-_- -

_ _ _ I I I -

o 'cc CC OO 3 Oe -,n ,, , "'4:

LIUE rF_[3-

Figuire 2. FI1'GRO Updating Crack Growth .Analysis Results
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Sect ion III

PRO(;R1.\l OIlIES

The programi identification is FI.TGRO. :I.rGRO consists of 14 routines.
The functions of the main routine and 13 subroutines are:

1. FLTGRO Supervisory routine, handles flow, checks keyords, gives
diagnostics.

2. BFBD Stores keywords for exact code titles and back-face correc
tion tables.

3. CENTER Centers title cards for output.

4. CLANIDA Computes and prints out C and I values for the da/dt rate
equation in Method I, and C and ' values for the da/dS
rate equation in Method II.

5. CYCCNT Range-pair-counts the original spectrmn loading.

b. ESTCAL Reads input, prints output, prepares K-eouations, grot,s
the crack using crack-growth rate per cycle (da/d.M
equation for a series of initial crack size, ai, to the
final size, af. It also prepares tables of CJ, J for
mission-mix option.

GROFLT Prepares K-equations, grows the crack using the crack-
growth rate per flight (da/dF) equation from original to
critical crack size. Prints out table of crack size ver-u>
flights.

8. LIST Prints out FLT records stored on the databa.se.

9. MANAG[E A data base managing routine to read and write FIT
records.

10. NUWLFN Brings user's file ntalber on input to be recognized.

11. PI A,\ Sets up parameters of analysis results for plotting.

12. PLOT Plots grids, labels, and curves for PA'1.

15. TRI2 Parabolic interpolat ion rout inc for back- face corn.,t,

factor.

14. L'\IIC Prints out crack-gro%,th data for the series of
Cinitials Cfinals growths.

is



Section IV

FLTGRO INPUT DATA DFCK

The input data deck for FLTGRO is described in this section. A brief
description of each type of input data card is presented in the followinp.
The overall deck setup is shown in Figure 2, and a detailed description of
each input card is given on the following pages.

Card 1 FLT database disposition

Card 2a "Compute C and Lambda" keyword
2b Control point identifier
2c Problem identification (i.e., title card)
2d Material identification and properties
2e Root-mean-square power exponent and shutoff ratio
2f Stress ratio cutoff and crack-growth rate equation coefficients
2g Initial crack sizes and geometry
2h Crack coding control
2i Number of initial crack sizes for computing C and X
2j Initial crack sizes
2k Method-type controls
21 Mission identification

2m Title identification for a given mission
2n Limit stress and control parameters
2o Mission loading and printing control parameters
2p Stress spectrum

Card 3a "Grow Crack" keyword
3b Control point identifier
3c Growing crack control parameters
3d Mission sequence definition

Card 4a "Plot" keyword

4b Plotting control parameters

Card 5 "List" keyword

Card 6 "End" keyword

16



CARDSAR 6A4

''PLOT'' KEYWORD

CARDS 3A-3D
''GROW CRACK"' KEYWORD

F igure 3. EJTG(Ro Inpu)It DeOCk 'ctup
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I NPIJF DATA CARD I

Description: Database disposition

Format and example:

1 10 20 80

OPTION DISP

FLTOF OLD

Field Contents

Option "FLTOF" keyword, beginning in column 1.

Disp Disposition of FLT database beginning in column 11.

NONE - No FLT operating file will be used.
.EW - A new file is to be created.
OLD - An existing file is attached.

Remarks 1. This must be the first data card in the data input deck.

2. The Disp field is left-adjusted.
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INPtUF DATA (AD 2a

PeIcription: Compute keyword card

Format and example:

1 20

OPT I ON

COMPUTE C AND L4MBDA

Field Contents

Option "Compute C and Lambda" keyword, beginning in coltumn 1.

Remarks 1. This card initiates the input for the data needed to :ompitc.
C and X.

2. If C and X were previously computed and stored, an "old"
file is attached; then, input cards 2a-2r will be omitted.
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INPUT DATA CARD 2b

Description: Control point identifier

Fonat and example:

1 8 18 80

CPIDNT IREP

M-85MET1 REPLACE

Field Contents

CPIDNT Any alphanumeric information, maximum of eight characters,
the user desires to input for identification of the data
calculated by the "Compute C and lambda" option.

IREP For old control points saved on the FLT file.

BLANK - All requir I input data; cards 2c-2h will be read
from the FLT file.

REPLACE - A new set of input data, read from cards 2c-2h,
will be read and stored on the FLT file replacing
the old set of data. Left-adjusted, starting in
column 9.

For new control points, the input data, cards 2c-2h, will
have to be provided in the input stream and IREP shall be
left blank.

20



I.NPLTF DXIA k4) 2c

Description: Problem identification title card

Format and example:

Colum 1 7

PROBID (i)

SINGLE CYCLE PER FLIGIrF, IMFTHOD 1, 30 KSI

Field Contents

PROBD (i) Any alphantuneric information which the user desires to input
for problem identification.

Remarks Only the first 72 columns are used for input.
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INPUT DATA CARD 2d

Description: Material identification

Format and example:

ColI Ln 1 28 36 48 60 72 80

GEA ID BISLP SIG(AY AKIC CKC

2219-T841 AL. 48. 45. 6S.

Field Contents

GI ID Any alphanumeric information which the user desires to input for
material identification (columns 1-36 only).

BISLP Option to use one- or two-slope rate curve Blank - analysis
with one-slope rate curve. "BISLOPE" - analysis with two-sope
rate curve.

SI(\AY Material yield strength (ksi) (F12.0)

AKIC Plane strain fracture toughness, (ksi Vi/.), used for part-through
crack instability criterion on crack depth a. (F12.0)

CKC Plane stress fracture toughness, (ksi V17), used for through-
crack instability criterion on half-crack length c. (F12.0)

Remarks: BISLOPE is a keyword, starting in coluni 29.
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INP IJI" DATA CARD 2e

Description: Crack growth rate equation coefficients, part I

Format and example:

ColLmn 1 10 20

POITR RETDA 1
2. 3.

Field Contents

POl.,ER Power ex-ponent b to calculate the average of the b-th power
product, (7)l/b where Ao is the stress range. (FlO.0)

RETDA Retardation shutoff ratio. (FIO.0)
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INPUT DATA CARD 2f

Description: Stress ratio cutoff values and crack-growth rate equation
parameters

Format and example:

Columm 1 6 12 18 24 36 42

RCUT RCUTN FYX'I FXPQ CWALK FXPN 11 V

.75 -0.50 .6 1.0 5.066-10 3.83 1.0

48 60 80

DELKt

2.5

Field Contents

RCUT The cutoff value of the positive stress ratio "-R" below Mhich it
it is assumed the material does not show stress ratio layering
in (da/dN) vs K plots. (F6.0)

RCUTN The cutoff value of the negative stress ratio "-R" below which
it is assumed the material does not show further accelerated
growth rate. (F6.0)

LX"I Walker stress ratio effect exponent. (F6.0)

EXPQ Chang growth-rate equation (for R < 0) exponent. (F6.0)

CWALK Walker grownth-rate equation (for R - 0) coefficient. (12.0)

EXPN Walker growth-rate equation (for R 2! 0) exponent. (1:0.0)

Tt AI Threshold constant (F().0)
1. - Variable threshold
0. - Fixed threshold

PELKTI The threshold value of AK (ksi Vin) obtained from R =1 test.
(1:12.0)
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INPIrl" DATA CARl) 2f (C;oncluded)

t
Remarks: If "BISLOPE" option Was used on card 2d, then an extra input

card follows for the lower region of the rate curve:

F-xtra input card for 'BISLOPE' analysis

0 12 18 24 3 -42 48 00- :I

J_ T .V ,TFJ

3. -1 12.o 5. -07

FEXPNI.
EXPOI ( As defined before, but for the lower part i.e.: Region I of

VA!LKI. the da/dn vs AK rate curve.
*FXPNL

RIIANSI, The AK value of the transition from upper to lower curve, i.e.:
from Region 11 to Region 1. (F12.0)

ATt.lV The level of da/dn for the transition from Region II to Region I.
(Pl2.0)
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INPUT DATA CARD 2g

Description: Initial crack sizes and geometry

Format and example:

CoIumn 1 12 24 36 48 60 72 80

AINIT ASPR RADIUS CINIT TK IDThI

.05 [25 6.0

Field Contents

AINIT Initial value of crack depth a (inches) for part-through crack.

(F12.0)

ASPR Aspect ratio, (a/2c), for part-through crack. (F12.0)

RADIUS Radius of hole (inch), if no hole leave blank. (F12.0)

CINIT Initial value of crack length, c (inches); half of surface
length dimension for centered cracks, full length for edge
cracks. (F12.0)

'H1K Equivalent thickness for transition; usually, it is the thick-
ness of the plate. (F12.0)

WIDTH Width of the plate, (inches). For centered cracks, the program
halves the value of the width of the plate. (1-12.0)
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INPIT DXFA LARD 2i

Description: Nunber of initial crack sizes for computing C and X

Format and example:

Cohu 1 5 m(

NCASE

F ield Contents

NA ,SE Nriber of initial crack sizes to be read from card 2j. Ncase
is require2d for Methods I aid II and is right-adjusted. (15)
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INPUT DATA CARD 2h

Description: Crack code controls

Format and example:

Colunn 1 6 12 80

CODE NRETRD

2010

Field Contents

CODE Crack code no. (See crack library, p.

Starting in column 1

NRTRD Retardation option: (16)
0 = without load interaction
1 = with load interaction

Remarks Crack code no. left adjusted
NRETRD, right adjusted
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INPI"F DATA GRD 2j

Description: Initial crack sizes

Format and example:

Coliu 1 5 10 15 20 25 30 35 40

Ci Ci+1 Ci+2 Ci+3 tCi+4 Ci+5 Ci+O ICi-

.01 .03 .05 .1 .2 .5 .8 1.0

40 45 SO 55 00 5 70-

Ci Ci+9 Ci+1O Ci+l Ci+12 ti+I3 Ci+14

1.5 2.0 2.5 2.95

75 80

Field Contents

The initial crack lengths, NCASF lengths are read in. For part-
through-cracks Ci's are the initial crack depths. For through-
cracks Ci's are half of the initial surface lengths for centered
cracks; full lengths for edge cracks. (Refer to input cards 2g
and 2h.) (F5.0)
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INPUT DATA CARD 2m

Description: Method-type controls

Fornat and example:

ColIumn 1 5 10 iS 80

NPROB METHOD NSEG I
3 1

Field Contents

NPROB The number of different cases for which parameter c and n needed
be estimated (I5).

METHOD 1 - Determine C and X for each mission (cycle/flight).
2 Determine C and X for each mission segment. (15)

NSEG Number of segments in a flight to compute C and X for
Method II only. (I5)

Remarks All input fields for this card are right-adjusted.

1. Default is Method I.

2. If NPROB > 1, then NPROB sets of cards 2n-2q will follow
when spectra are stored on files, or NPROB sets of cards
2n-2r follow if spectra are on cards.

3. A total of 50 sets of C and X can be determined.
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INPUT DATA CARD 2n

Description: Mission segment identification for loading condition

Format and example:

Column 1 8 12 20 24

MISID(i) ISEG(i) MISID (i+l) ISEG (i+l)

A-A30 KSI

24 32 36 44 48

MISID (i+2) ISEG (i+2) ...

48 56 60 68 72 80

... ... MISID (NSEG) ISEG (NSEG)

Field Contents

For Method I:

MISID (i) Mission identifier (maximum of eight characters); rest of

Card is blank). (A8)

For Method II:

MISID (i) Mission segment identification (maximum of eight characters).

ISEG (i) Terminating cycle number in flight for mission segment, right-

adjusted. (14)

ISEG (NSEG) is equal to the total number of cycles in flight.

NSEG is given on card 2m.
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INPUT DATA CARD 2o

Description: Title identification

Format and example:

Colmn 1 68 80

(NAME

RAN1I4 A-A SIGMA=30 KSI

Field Contents

.AIE Title identification (up to 68 characters) for mission defined
by cards Zin and 2n.
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INPU IT DATA (Rl) 2p

DIescription: Limit stress and control parameters

Format and example:

Column 1 12 29 sc

SIGLIM MOSG 1A SMIJLTI

30.0 1 1.0

Field Contents

SIGIIMl Limit stress (ksi). (F12.0)

MIOS'It Stress input control parameter (I5)
> 0 - stress is in terms of percent of limit stress.

0 - stress is in terms of ksi.

SNULTI Stress magnification or reduction factor to bring spectrum to
desired stress level. (F12.0)

Remarks Mosl,,na is right-adjusted.

IPSGMA ! 0 Stress = Siglim x Smulti
if 100If SUSGIA < 10 Stress = Stress x Smulti
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INPUT DATA CARD 2q

Description: Mission loading and printing control parameters

Format and example:

Column 1 5 10 15 20 25 30 35

NFLIGHT L NUNIT MOPFAK IOCRK KCON
1 950 50 1 1

35 40 45 80

NFILE NTP I

12 0

Field Contents

NFLIGHT Number of unit blocks applied for crack growth computation to
estimate C, X and product.

I Number of cycles in a unit-block, or given subunit-block.

.\UNIT Number of flights in a unit-block or given subunit-block.

MO)PLAK Input peaks-valleys adjustment parameter:
- 0 - NIN-MAX input
0 - MAX-MIN input

MOCRK Print control parameter for crack growth data:
_ 0 - Crack-growth data are printed.
< 0 - Crack-growth data are not printed.

KCON Print control parameter for stress history:
> 0 - Input stress history is not printed.
! 0 - Input stress history is printed.

NFILF Alternate file where stress spectrum is stored. This file
input unit number must be between 10 and 98, inclusive. If
NFILL is negative, this unit is rewound before reading of
file. If 0 or 5, card input is expected.

NRP Control for range-pair counting:
0 = No range-pair counting.

1 = Range-pair counting.

Remarks All input fields for this card are right-adjusted.
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INPIF DATA CA-Rl) 2r

t Description: Stress spectrum

Format and example:

Column 1 5 15 25 3S

DATA SIAXi 1INi CYCLEi

15.81 5.6 1.0

or

1 5 15 25 3

DATA S,1INi S!AXI CYCL i "

-5.0 15.81 1.0

Field Contents

DATA Blank on all SMXi, SMINi, CYCLEi cards.
"End" on extra card marking the end of a spectrum, starting
in column 1.

SMIN Minimum stress value (ksi).

SN kX Maximum stress value (ksi).

Remarks 1. The spectrum is read on the unit defined by NTILF on
card 2q.

The min-max or max-min input is defined by MOPFAK on
card 2q.

3. For mission mix option, spectrun is limited to 3000 or less
steps (i) in each uniblock.
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INPUT DATA CARD 3a

Description: "Grow Crack" keyword card

Format and example:

Column 1 10 80

OPTION

GROW CRACK

Field Contents

OPTION "GROW CRACK" keyword, beginning in column 1.
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I NPUT DATA CARD 3b

Description: Control point identifier

Format and example:

Column 1 881

CPIDNT

M-85

Field Contents

CPIDNT The alphanunerical information (maxinium of eight characters)
used for identification of the data that were stored is now
attached and is to be read from the FLT data base. This card
is required only when the "compute C and lwnbda" option is not
used.

37
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INIPUT DATA CARD 3c

Description: Growing crack control parameters

Format and example:

Column 1 8 16 24 32 40 48 56

CF NBLKS I NIX IBASF I NRIPET NBASFI N1,FI'TRD

0. 10000 3 0 0 0

56 64 81)

FNI BLK

Field Contents

CF Final crack length (inches).

NBLKS Number of blocks (limiting number of flights for the C vs flight
growth curve).

.lI1X NNumber of mission strings.

N-BASE = 1 - If final or critical crack size is not reached upon
completion of the discrete missions mix, append the
base mission mix.

= 0 - Only discrete mission mix is used.

NREPET = 1 - Grow the crack using the base mission mix.

= 0 - No operation.

NBASEI = 1 - Input mission mix is to be stored as the base mission mix.
= 0 - No operation.

,\RETRD = 1 - Load interaction is considered (for lethod I1 only).
= 0 - Load interaction is not considered.

FNIBLK Total number of flights in one mission (for Method II only).

Remarks All input fields for this card are right-adjusted, except for
CF.
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INPUT DATA CARD 3d

Description: Mission sequence definition

Format and example:

Column 1 8 12 20 24 32
,NFAC (i) NIS(i) NFAC(i+I) HI S(i+1) NTAC (i +

1 1 4 2 1

32 36 44 48 56

MIS(i+2) NFAC(i+3) bMIS(i+3) NTAC(i+4)

56 60 68 72 80

SMIS(i+4) NFAC(i+S) MIS(i+5)

Field Contents

NFAC The numher of times the loading condition is to be repeated.

MIS The sequence number for the loading condition as saved in the
FLT database. The sequence number can be obtained from the
printout of the "LIST" option.

Remarks 1. All input fields for this card are right-adjusted.

2. Card 3d is needed for Methods I and II.

3. Mission mix applies to Method I only.
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INPUT DATA CARD 4a

Description: Plot key'ord card

Format and example:

Column I 80

I OPTION
PLOT

Field Contents

OPTION "PLOT" kemord, beginning in column 1.
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INPUT DATA CARD 4b

Description: Plotting control parameters

Format and example:

Column 1 5 10 15 20 25

OPT SCALE (1,1) SCALE (2, 1)

1 0 0

25 30 80

Field Contents

OPT Specifying parameters to be plotted.
I - Plot
0 - No plot
OPT = Crack size versus life in flights.

SCALE(2,1) Array specifying linear, semilog, or log-log grid scaling.
SCALE (1,) = 0 - x-axis is linear

1 - x-axis is log
SCALE (2,) = 0 - v-axis is linear

1 - y-axis is log

Remarks AlI values are integers, right-adjusted.
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INUT DATA CARD 5

Description: LIST keyword card

Format and example:

CoIlUnMI 80
OPT ION

LIST

Field Contents

OFlON "LIST" keyword, beginning in colun 1.

Remarks This option will list the loading conditions that have been
saved on the FLT database.
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INPUT DATA CARD 6

Description: END keyword card

Format and example:

ColUmn 1 80

OPTION

END

Field Contents

OPTION "END" keyword, beginning in column 1.

Remarks This card terminates the input data deck and signals the

program to terminate execution.
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Section V

EXAMPLE CASES

This section presents two example cases which are designed to illustrate
the capability of the FLTGRO program. The first example is to predict the
crack-growth behavior of a 2219-T851 aluminum center-craked-tension (CCT)
specimen subjected to a typical figher spectrun loading. Figure 4 shows the

specimen dimensions and the crack configuration by the single-cycle-per-flight
method (Method I).

The crack-growth rate constants and parameters used in the example are
as follows:

C = 5.066 x 10 R = 3

n = 3.83 q = 1.0

m = 0.6 R = +0.75
cut

AKt =l1.5 ksi in. Rcut -09

K = 65 ksi in. a = 48 ksic t

b= 2

The spectrum used in this example was a typical fighter aircraft air-to-
ground (A-G) mission, generated in phase III of this research and development
effort (4). The detailed spectrum table is shown in the appendix. The spectrum
is in the random cycle-by-cycle format which contains 150 flights, each flight
consisting of 19 cycles. Each peak and valley is in the percentage of design
limit stress (% of DLS). The random spectrum was range-pair counted before it
was used in the analysis. The range-pair counted spectrum was printed out as
shown in the example. All the peaks and valleys were converted to stress in
KSI unit, based on ai. = 24 ksi.

Eight (8) initial crack sizes were selected in order to characterize the
A-G mission. These 8 initial crack sizes were:

C. = 0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9, and 1.1 (all in inches).
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The input echoes are shown in the following computer print-out. A table
of dc/dF vs K for these 8 points was also prepared by the FLTGRO program

shown in the output printout. The characterized A-G mission crack-growth-
rate-per-flight parameters obtained by FLTGRO are:

C = 2.0648 x 10 6

A= 3.6119

0= 10.692 ksi

These characterized crack-growth-rate-per-flight parameters were then
used to perform crack-growth prediction on a case. The initial crack size
was Ci = 0.145 inch. All crack growth parameters used in the life prediction
are listed in the printout. The crack-growth sumary table is shown in the
last page of the computer printed outputs of this example. The table shows
the FLTGRO predicted life from Ci = 0.145 in. to failure was Np = 5462 flights.
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9 in. Grain

Section A-A

A A T-
0.25 in.

18 in.

Material
2219-T851 aluminum plate

3 in.

6 in .il

Figure 4. Test Specimen Configuration
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The second example is to predict the crack-growth behavior of the
identical crack configuration under the identical spectrum loading as that
was described in the first example, by the multi-segment per-flight method
(Method II). The crack growth rate constants and parameters used in the
second example are identical to those used in the first example. Each flight
of the A-G spectrum was arbitrarily divided into three segments, the first
segment, (A-G), consisting 5 cycles, the second segment, (A-G)2 consisting
7 cycles, and (A-G)3 also consisting of 7 cycles.

Again, eight (8) initial crack sizes were selected for the character-
ization of each flight segment. The initial crack sizes selected for this
example were identical to those in the first example. The calculated C.X
and q for each flight segment are:

(A-G)1 : C = 4.072 x 10
-9, X= 3.7664, = 10.692 Ksi

(A-G)2: C = 5.2411 x 10
-9 , X= 3.7592, = 10.692 Ksi

(A-G)3  C = 6.5638 x 10- 9 , X= 3.7634, = 10.692 Ksi

These parameters were then used in the prediction of the crack growth
of a CCr specimen with an initial size C = 0.145 in. The crack growth
results are shown in the summary table of the computer outputs. It shows
the predicted life by Method II is Np = 6246 flights. A CRT plot of the
crack growth curve is shown in the printout.
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2 P.4 37. A is.' 2.Eo 17.8 '9.5 1.P 26." ".3 4Z.9
3 11.4 74.1 2C.3 3".5 1.5 21.3 7-' 39.! 11.9 2-70a

6 *-6 42.4 25.* a43 2.9 Z1.2 '4.9 2896 E.:5 29.7
7 IP.2 28.4 14.4 44.2 16,4 35.2 9.3 51.- F.1 23.3
8 2.8 21.7 E*7 595 12.3 "7.3 -13.3 67.1 42.2 57.2

10 .6 2. 8 c.2 22.6 12.5 41.( .5 26, . Z 0-3
11 -. 1 15.5 !.a1 2 .,7 5.7 31.4 4.3 22.! 10.7 24.5
12 1.6 12.o 0.0 4E 92 -10.0 :1.1 7.1 23.7 6e6 35.2

-1 3--te~--- *. I10 e.q q 2(-rZ. .~ 2 5 -2~ S----c:
14 1( 1 26o. 11.O 7*8 5.8 17.2 -1.2 23.6 . 42.5
15 22.8 43.o 6.5 33.6 8.5 49*9 21 .3 43.2 2^. r 5.2
16 1.,a1 33.6 -1C.C 25.1 o.4 7Ca6 11.3 42.4 F.5 34.6
IT - -;67 .I -f-T 5 15 .T 1 14 4 115;4 -3 1 .
18 5.4 4,6.7 el 24.1 6.5 40.9 21 .2 42.7 4.4 23.3
19 E. 26. *4 o 1 4 .e1 6 *2 38.5 4.94 43. C .6 2ao.0
2G -1c.0 190, 7.0 39.6 5.2 71*1 4.0 2of, 3.2 53.12T- i*2 36,8 11*1*-o t . i3 -V u -- .30 2 9. 16, 5 1
22 -596 25.4 14.3 ?6*9 6.5 30.1 17, 3 .. 5 14°5 32.3
2 6.5 38&1 8.6 Z5.2 0.0 37.7 18.1 37.r ".. .
24 E,5 23,R 5.7 37.7 3.0 '. 1d.3 2,6 1.9 36.7
25- ti c -3-9wT 3a: i -- t32 *3- 37 . TT1.'7. 2
26 Cq0 47,4 3.3 3F .1 1.6 32.0 7.b 21.2 2%7 29m6
27 12-2 3799 3 33.8 15a3 45.0 -1.0 C 32.5 6.6 46.5
26 -94 75.6 -. 3 33. 1 0.8 27.1 14. 0% . .I 17., 35.1

30 -14.7 53.9 11.3 '2.1 7.3 !. o 8.7 3R. 4.; 15,*
31 2!.4 47.6 10.3 339o -10.0 73*0 -. 5 35o*! 1.7 50.0
32 Z.o1 41.eo4 2p.8 13.9 70.7 15.9 -315 1. 7 p 9

"4 3 48a7 .3 26.9 2.5 18.9 2.5 58.5 17.3 P7.635 4,5 33*5 -10*3 . 2 a8 Soo 'ICo07 7 o r- 1, 27. 'x ,e
36 fo2 19*5 8.2 32.1 11.4 1 .7 -. 4 b1.6 2.5 ,7

36 .o2 34.1 7,4 ! 2.3 14.8 37.9 13 .5 26.1 6.? 25.7
39 -Ca0 46.1 22o5 3M.,5 3.2 3a30 13.9 25. 1 .3 30.2
40 ;o5 69.6 a-*2 34.4 17.5 30.2 I3.0 7So 161 45. c

-41 Ctt -6, -6 * i ,l 2.u C -5 I--. - T4.-
42 11e8 42.4 1.e9 593 24.6 47.9 6.2 25. .E. - 10 .0
43 Z.7 23.9 6.3 -47.2 IC.9 63.4 1.1 15.= .P 4 .b
44 .6 66.2 ,7 116°I 16.9 43.4 1? o6 

2 o.2 '.7 4-.

46 01 53°b 3m8 45.b 4.6 Z4a8 -13 .0 E . F, 19.7
47 6.2 33.9 2.9 44.9 19.5 0*01 -1.2 37o2 OF 4 ,90
48 22.3 58.4 23.3 4 6.o 1.7 54.C 3 .2 28.2 11 .C 3P 3

50 12.2 45.2 10.1 29.5 -!390 !P,9 16." 31.. .2 .
51 f'o5 19.d 0.0 5.7 -25*0 1?.,1 2H. 7 7.2 3 P1
52 .1 4Q5 -4o5 29.5 5,8 21.5 5.2 219 r.4 4:,3

54 12.3 3.07 -10.0 2.5 15o0 o 3597 1.2 27.9 r.6 5 '455 2 1 *5 3 10 .0 I 7 46 9 14.3 146 1 3o04 12 o7 "I "7.
56 -ok 2,o9 4.l 43.6 10.2 37°9 7.% 76o1 .9 67.2-ST- "--. • - - - - -- -- j Z , 'D ,)-- 5--o- 2, . 2 . . .-*= -- 1
56 -10.0 68.4 2.5 35.4 13.6 42.3 15.1 27.3 6.I 1 .i
59 11.o 33.9 7*6 56.4 7.3 2495 11.09 39.0 4 :,
"0 o ' 4 74'*1 -. o- 61.H 1 . 4 '1,7 7 °$ 43 ,( a -

-6r -- T1V9-- f: 4 --- X' 3--I",''-S.?,T
62 2.0 31.5 °2 57,5 5o4 41.5 7.9 "6.4 .1 1 r
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64 S.3 42 . 2 1 '2 , 7 17.5 4neo7 .3 41.1 15.1 ,, "9g3
65 11. 24*M 12.3 42.s .7 23. -109' 45. . IF." A,.,
66 2.2 40o2 14.0 34.1 3o2 5293 4,0 2494 11,0 4 Fo67 --- -i,5---'f, 7"-'-2,2 2 a 9 95 2593 i;.' ai 25 0 7. o -*
68 - .1 31.6 o9 16.9 1.4 3b.4 o O 32.o 4 o 3 5 9
69 7.1 33.5 2,0 4 -!Z.) 204 13.1 36. o3 1 . 55F.1
70 !4.6 49o5 1.9 2 .3 7.3 35.7 6,3 C. 1.3 57.1- -71- - --.... -,!--5-4-,---r . 2-- 6N 14 o2 ;v*,5 2r.6 4i,- 1t ---rCs - T--
72 9.5 41.P 19.7 47o7 1193 59,6 601 51,4 1:07 "1805
73 2.7 57.1 -1C. 30.4 11.7 41eC F.3 23.2 .7 24.9
74 1 ". 4.3 E .4 2a.F o5 30.: 12. o4 3 T 4n n

76 . ,7 46.6 .2 =h.4 v,#1 44.5 5.4 25.F 1C.5 31.7
77 -1C. 2.5 P .3 44.4 ?2.2 34.1 16.€ t b.5 fo 7 .9
78 -o7 25.1 -2.0 '3.6 3.5 62,1 15.4 27.9 12.e 31.0

8O 2.9 49,9 !.3 46.9 5.4 29*. 78 35.1 -l1,% 26.7
81 5.0 49.3 1!o3 41.5 5.0 46.0 1o6 43.! o5 45.7
82 5.0 47.h 12.0 26.2 -. 4 18.9 -2.3 31.1 1C.4 3R*6@. 3 -- e 47,6 ",o0"0 " T5- - 1. * to-!05 . 2 7. 0t i , c T04 7 -
84 00 34.s le.4 52.3 9.1 45.6 -1 0 49.3 a 4 "to 4
85 12.5 47,7 6.0 27.2 4.3 17.7 4.2 19*6 4.2 22.5
86 -*1 51.6 5o3 19.1 -1.3 23,3 6.4 24.1 13.3 50.7++?--- -0-73--4-6, . i i .¢ 3 . 4 -; 3 b T . 4 7 --- -Z4- -
88 21.9 36.1 1 ,5 35.7 -!0.0 28.0 4.9 25-2 14.2 25.3
89 1'02 45.1 20.3 5a.3 15.3 30o. 6.2 C3.2 . 33.2
90 12.5 38.3 -. 35.1 4.8 62.4 -. 5 26.C 11. 47.7

st1 0 - 8----41 -O.- .3 .6 .2 , -1 .3 6 •3 t.---t9 . 7- 4- -

92 o7 37.9 -10.0 24. 2.3 29.9 5.1 46.6 .3 14.5
93 -1.5 16 9 201 45.. O. .0*5 -. 5 17. '  r4 7 .9
94 24"&9 67.9 5.6 25.2 6.9 36.2 Pa3 '77 * 5 4 ,

-- " -- a 3 27.7 ,04 2,9 N .5 !".5 6. 47 7 2-1-7-
96 -10. 69o. 8.1 35.0 14.4 52*9 *6 26.2 4.1 2%*J
97 14.2 53. 10.1 35.6 4.3 38.1 -. 9 56.0 23 .9 45.6
98 7.1 37.1 E. 31.2 1.5 22.9 7.9 32- 1 c. 65. .

-i- a*. 2, 12.5 1.c !4. 21- , * t 17 0- " .
100 !2. 55.2 7.6 40.9 1.5 54.3 11.3 40.8 2E.5 36.5
101 4e6 35.7 14.7 25.6 7o7 2490 9,1 33.3 11.2 46.6
102 18.1 37.1 5*5 49.5 11.9 35.8 .2 21.1 F.1 31.F-10 at -- i.09 L%, 05 tie -  2.tf 3 3. -1: 0 5 2 . o7 -" A -!--
104 . 24.6 7.5 37.* 5.1 56.4 21o. 33.7 1.5 3.,
135 25.1 40.1 8.6 60.3 9.2 '8,0 23.7 37.9 1., 31.'
1G6 4o9 21.3 6.7 54.9 11.4 56.2 A.2 23.5 ,q 43-1"7 ? 1 o7 2 9, 0o" It !0 ? 2 -iU. * j ::. ^ "1. o ! 79--- ! + -Tr_,+r
18 !66 30.5 !a 54.9 .8 40. 27.2 h.F - 2.7
109 13*6 39.b 7.9 32.5 7.4 . 40o2 6.3 279? 1.8 45.1
110 8.9 36.C 16.0 47.7 11.1 !093 6.2 45*1 1.? 2e.9
-tIi 12. 4 26a? -1a.3 35.4 3.fr-0 7i 25.2 t 6-- t--
112 Ea3 26.4 12.4 w4.P 2.1 E .o .2 35.5 12, = ?*
113 2.8 26.8 2.o 1793 5.7 3 9°5 2 4 4. 2. 4q.5
114 5.3 56.5 1!9? 30.6 5.0 42.6 9.1 3Q.2 12.5 32.2115 --- A '. 0 E5. 4 -7.0- i.6 - 9)0°'---rs ,--9---- 7T"--- 6 - -*rp . -

116 6.1 29.7 7. 33.7 14.4 '1.2 21.5 56.4 1 .7 42.2
117 .a7 4C03 34o3 4 ,o0 6.0 16. 1 9.5 29. 9 15 15r
lie -9.5 3b.4 11. 2a.7 6.7 I.7 1.7 24I. -I:," !=,
119 #-----, .9 2i.u 34o3 D- 01 1.2 e 2 5 -970 -4 -2,o
123 21.7 32.C 15.3 69.2 11.9 53.) 15 .9 38.1 .1 50.6
121 1.2 37.0 130.7 33.0 d.6 75.. 15.2 6.3 21'q 72 .
122 I.e 35.3 !oF 4.2 3.1 22.) -I=.' .2 2 2 1 .

124 3.7 44.* 4.7 -1.1 .8 47.3 f',.6 21.2 3. 2. 4
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12Z5 - .6- 47Z -4 6 t ~ F 3
226 *S- 3 .7 1.C 27.1 -10.0 19. 6 .C 35.4 1 .7 37.2127 c.oo 25.1 1.9 45.5 2.0 .r7,a2 1 1?? 77. 7 Z ,1 4 4°.
126 32.o 45.5 95. 35.1 15.4 51.3 23.2 54.1 .2 40.2
I 29" .. P - -- 1 6--- -. .0 uE S3 -
130 Z.6 57.9 -10.: -. '. 8 .1 49.7 q.7 4.5 17.9 31.0131 OF 47. I ,1C 4 2 4 aI 2.1 !13.9 1.92 I1" l 0 1 Z.0 520 1
132 3.8 53.2 -. 2 65,2 13.3 !0.r 3.7 f4o. '4, 47.-13 3----t t 46*a3---5-.3 S33. 9 1 a2 143. a b. 4 -49- f .. .- r
134 -1C.0 31.4 o2 24.1 13.4 42.2 23.1 66. I.* 13.3
135 1.4 34.3 11.2 45.2 9.6 40.2 .9 3.2.7 i'.2 +7.7
136 1.1 4".6 1392 3C.6 o.0 30.2 .4 67. 1 *4 37.2-37 - - - --- W;- 3 -1.'4 2-9,. 1. 6 - 0. , ? 0h Ti~ ' .2 - T 7- -- .T

138 E.5 55.6 27,1 4E.0 2.9 31.0 1.0 22,0 70( 63.9
139 4.1 5397 11.4 60.9 -. 7 46.1 5.7 2C.' .3 46.6
140 3.3 25.5 -. 2 73.2 2.0 32.4 19. 31.5 12 .C 34.3

14 wa- -5 i' P -= :: .C C 5 5
142 Ea3 45.3 10." 9 59 9.3 Z2.7 6.0 640! 1ro7 47.
143 1!.4 37.0 6.6 42.4 b.3 45.4 16.5 30.2 11.P 5e.c
144 7.1 49.5 31.9 74. o.5 34.* 11.9 4P.8 '.2 71.6-145- 2e .*4 U. 1 3 .6 41 .8 - !a.0 r4iq . I Io. 1. 5E -8- .- , .

146 2C.4 33.3 17.6 46 b 1.2 45.2 18.1 31. 4  1.4 50.2
147 6.4 23.3 F.3 4.5 2.9 35.9 4.3 27. 1!3. 23.E
146 -1C.2 20.2 .6 24.5 12.3 2E.6 13.0 2' 1a.! 3' .

-1 . . . -- e--s ).m- " i ' 3.1 !do[ 2-_ .5 t . .,.. -0+4--I _•.- 2 ;+ -4
150 5a7 47.3 14.6 41.9 ?1.7 .5.9 7.3 ,2.3 .7 45.3
151 2.7 26.0 7.0 29.6 2.5 3!4.6 6.5 42.4 30:6.!
152 S. v 25. 4 4.2 38.4 1.3 16.4 -1.4 15.p 4.4 29.2153"--- -- L' .0" -21""-- 2",00 7 .. 3 .2 50.4 t *1 .4 --. " ,- -- ,- -2 ,1-'. --
154 c-5 40 .2 17.1 35.5 9.1 22.5 11.5 77.7 t.5 32.4
I'5 1C. 4 1. 1.7 !9.7 3.2 25.4 5., 23.3 c.7 76.7
156 7.5 23.4 6 1 38.6 !1.5 "3 .2 2.2 1.! 1 . 35.1 71-- J - --- F.-, -- 5 67.2 4 2 2 2 .,+ - T- 21 .of &--;
158 12.7 56.1 19.4 75.11 -2.3 60.0 1C.8 25.4 G. ?.'9
159 1.3 25.7 12.2 32.9 8.9 !q.4 5.4 29.2 . 41.3
160 2.6 24o2 10.4 37.0 0.0 257 -10.0 33. I.2 58.0. ... .. - - 1- - 5 !-- - --z 2 9 (;1 '*e.-' - -- , -7-

162 k.2 30.9 ,,3 4 ,1 ,.7 37.5 17.3 34. 7 . '47.2
163 24.7 37.q -3.1 32.4 14.9 63.1 28 .6 68 14.- 27.,
164 1.6 39.5 3.9 53.3 -Ik;.3 31.5 11.9 63.? 11.4 FQ.5

--1(5- --- !! -- T-- -~ 7 2 am--200 1.2 !---- I- I#. C --; -3; ... -CF
166 4.6 27.3 15.6 '.3 A . a4 32.' 6.C 32.6 21." .
167 24.5 54.4 .6 24.2 2.5 20,8 6.. 41.4 .4 '1.7
168 11.9 44o9 -10,3 o ." 4 .4a3 -173 351 14 * 62.1'"l 9 - ' -S -- 4+ ';,'"- -- ";5-''" "s ---- .6 ' , 3- -, Z-- - 36;- --- C--e r - 6-.,' -

170 1.7 36.4 1f.4 3 .. 2 1.3 3e.5 24,8 37.2 C
171 7.3 27.4 15.5 35.2 14.5 36.9 3*t 4. , .6 51.4
172 -ICO 37.2 5.5 27.1 3.3 26.1 6.5 26,6 IT.6 24.1-173 -It.-7- -49 .-1-- ---. 5 1i 0 .2 m 3. j .4 7 a -=- 7 ' . .3
174 1!.t 59.9 7.9 20.6 0.0 16.7 4.3 33.3 -1.2 23.2
175 .4 4 2 Z.7 r6,2 1.2 F ' 29 oi -p0 1 r-
176 .3 63.3 16.5 30.5 3.2 34,r- 1.9 62.: ." 9.

178 9.9 21.3 10.9 42.6 16.5 49.1 2.2 40.4 1. a4179 4, 43.3 12,C 44.5 7.4 3, -1 1 C 36o2 . 1 .
1- .5 43.9 -", 2F.6 3.S 17.0 .1 F2.c -1.1 2'.'-18 ....- nt 1- -0 3+-'E' 52--320 3 .7 1 0.a0 -. ,- -43 ?--'T ?".+.%7
182 :.3 50.Z 1.7 17.1 .3 20.2 0.5 3u.3 2 . 3"*3
163 4.4 17.1 3.0 5 6.9 -1a.0 35.3 S. 73.5 I.2 4F.3
164 7.4 34&C .4 69.6 1.6 36.0 2.3 36.5 i., 35.18 5 .... a''.- ".. ,r .t--;&' e 0.7 --. r;. -- -.I q"r,

ib 17.0 36&6 6.7 5 ,9 21.8 9,5 .8 43.1 -. 4 4.4
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17 A-AI1A 965 ROCKN.ELL INTERNATIONAL EL SEGUNDO CA NORTH AMERICAN --ETC F'/G 9/2
I A USER'S MANUAL FOR A COMPUTER PROGRAM To PREDICT FATIGUE CRACK--ETCCUI

NOV 81 J B CHANG. M SZAMOSSI, K LIU F33615-77-C-3121
UNdLASSIFIED NA-81-258 AFWAL-TR-81-3094 NL2 IIIIIEEE



187 22.6 - n ..
1 188 Z.5 22.5 10.7 21.S 4.8 7C.5 26.5 45.3 .1 22.5

189 S.2 57.C 7.0 29.0 c.6 45.1 -. 69.E ,.7 77.5
190 6.3 37.7 27.3 43. ; 1.5 25.1 6.5 29.1 11.5 5'o
-191 ---- 7 0-- 7 -- F-.3- 2z*5 " 7. _,"I 0 rc --- 46 -

192 26.2 40.1 4.7 '1.5 6.4 5q.2 4.2 42.4 1%? 35.5
193 7. b 22.1 0.0 13.4 1 .2 41.4 -2.5 16.1 5 43.6
194 11.2 36. 1.6 73.6 12.0. 45.5 11.3 54*4 -1. 25.7195 - V-3 i. .... -;2-- 7E -5 "-E.E R -TF-- :.! - C. -r.
196 5.0 50.3 4.8 17.3 ., 41.4 5.1 26. 7. .0.c
197 2.7 34.* 5.7 19.2 5.1 36.4 17.5 54.5 .4 32.4
198 1!3.2 54.0 13.2 35.2 6.4 29.6 -1..0 4C.6 .2 15. .

200 21.3 44.9 2.6 41.1 12.4 =.3 10oa 26.e E.! .0.1
201 1!-1 38.1 4.2 Z6.7 2.5 34.6 16.4 26.5 1...2 51.6
202 1.C 38.4 F .3 29.3 -10.0 53.2 1 .9 34.1 -. 2 49.620 ---- .15'- 3 r-,-F I 1. ,-9 F 5 'r5 e 3 4 Z' & 4 C • U 45 a -- -!".Z -415-, 0
204 2.4 24.2 1.4 47.2 2.9 2".1 2.1 46,4 .7 53.3
205 2!@9 41o2 7.3 26.1 1-.s 27.0 2.3 5e., IC.5 27.a
206 12.5 32.0 -10.0 27.4 10.6 56.5 10.5 26.2 5.6 25.5--2 C 7- "--1-V 8-59.4, -1.3 S2.-9 M .3 qs.b 10 . P ^5.e E . 1 1.
206 !!3.6 61.3 8.6 2P.3 1.9 23.5 2.7 24.' 4 F.C 34.9
2S9 22.4 40.*6 2i.2 42,4 3.9 ^6.0P .6 4,.* i. 14.3
210 -1%.0 26.5 1o2 45.6 6.5 42.0 1.9 14.7 4.7 17.3Z1 II - - -- "-1-- 3 U+ . .OU -- T 4 - 1-- 2 4-s F- - ; -0 4 A n. -
212 .7 34.5 13.1 26.6 5.6 Z0.6 15 .3 39.^ .P 21.7
213 A.6 55.9 4.7 67.7 -A.3 41.*4 21.2 54.2 -1C.C 37.5
214 '.9 3t.3 Z.4 47.1 1.7 7. 3.7 52.71 l .5c -2r.;215----- 14 -- 7-'-"------- - 64 92 .5 .--. 6 T e F .0 ,92 --- - 4---0 -
216 2.7 41.7 2.2 34.6 19.6 32.6 7.8 35.2 .2 4 .34217 .7 50.2 5..9 39. 6P 4.8 38.1 1-l ..- 37.b 0 .7 3,o
218 4 .3 31.7 12.3 71.3 -1.9 53.4 :1.4 41.6 I. 51.2219 1. . . 8 -5- -I ; - -. '+ 1.7 2E.Qu yz; - --. F-- --
220 1E.3 43.1 4.4 32.3 -. 2 30.5 16.1 32.5 1.1 2.6
221 12s7 34.3 -. 8 3 40 -10.0 52.1 1f.2 36.6 22. 41.2
222 -. 1 44,.6 13.3 38.0 2 .9 34.7 -. 1 24.0 ! .2 36.4-2 2 3- ---1e 9--5. b ,6 37,.3 2.N in5.5 i. 4,3. -7-.! 4 5.2--
224 6.1 19.5 1.3 24.7 11.7 ,7.0 2.7 44.8 6 .6 26.c
225 1.1 50.2 -1C.0 36.6 21.2 !4.s 10.1 27.4 4.s 4.7
226 27.7 52.7 2.1 38.4 8.6 33.9 18.8 32.4 2.c 8.9
-227 -- T30-- 4 I7 I8 . 3,-- .7 25.5
228 !tC.' 62.7 6.3 28. 2.3 48.5 20.2 36.8 P E.0 26.3
229 -1t.Ce 44.7 1!.5 43.4 12.8 24.9 6.4 38.t 1.' 32.0
230 11.2 96.8 4.7 21.5 .0 25.4 7.4 23.0 k. 32.4
Z31 tTr 537 - On 2 2 U " 5 .a ? b 0 5 0 r- T
232 1.2 34.8 10.6 2h .7 4.5 3.4 .1 63.4 -1.C 7".7
233 2.7 21.6 z.u 1 .!F 1.2 60.. 0.0 14.C 7.5 33.6
234 127 52.3 5.C 41.4 3-6 !8.7 10,.4 55.4 C.2 C .4
235 - -; - r -- 6"--- 8 4 .?3 39, * 5 .- 4. T-- -5 3,1 - 1
236 13.7 25.3 .4 76.e 6.8 !P.6 " S.*C 32. 6 .7 45.6
237 C.O 37.2 15.3 33.7 14.0 49.7 0O.1 31.2 5.P 52.6
238 10.6 20.6 -.1 4P.2 2.6 19.3 =.7 4A_.2 S.i 29.72 39 ...... -= t--Zi, 1. Z U Is 9U0 1 .11. 7 -- s; .--- F.;7 -,74 -

240 lt.7 36.9 2.6 2€.. -10.0 !4.6 1.7 22.6 4.4 36..4
241 1C.2 30.6 .2 14.7 2.4 50., 16.," 36. .2 21.-
242 !.4 29.C .7 25.5 3.5 61.2 1.0 4 1.Z Z.2 27.5

-243- Fe (p .6 1 ~ * I ~ YT F T_ 1 -3; -
244 3.2 26.2 -12. 26.2 5.5 38.7 3.7 53.' E.3 32.S
245 7.8 39.1 11 41.9 o.2 3E.9 3.5 I. 12." 26.2
246 -Z.6 18.4 8.2 r'4.9 2.1 31.2 11.0 26.F 1.4 3r,4
247 -T! 17-7!202~ - 0 .. 5U 57
24e -1 C. 40.' 7. 41.6 14.2 41.4 8. 29.6 1.4 32.2
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249'- 2 o4 2 1 .6-i- 2 .7 . .3 1- - i---- r-7 -- !"+ •
25C 17.0 64.7 23.7 42.9 11.2 27.7 5.4 2 .ac ".9 24.1
251 5.5 31.9 15.3 47.4 14.7 33.6 12.4 2q.1 -1:.0 37.1
252 22.0 48.3 -. 7 36.4 10 .2 Z0. 8 12.3 45.3 1F.5 37.1

-25 ----- *;- 1 -- 2 * 3 Z.7 2 c -1--k-O !-! -- " -"#, a ?0-

254 1F.6 44.2 2.7 37. 11.6 44.5 11.6 69.7 I.1 37.7
255 7.6 24.0 3.0 27.2 a.6 34.6 -13. 0 1. 7.6 32.5
256 11.5 33.4 11.6 39.1 6A 31. d.9 23.1 11.2 28 .42!.7- ... - , V0o1 , 0 - --- &is 1 1o 06. 1 - I'- ,- ---- F ---F --- ; -0 -
258 7.5 50.E 2.1 PAo9 12." 46.7 12.9 ;6.5 . ! 6.3
259 1!.o6 43.2 7.4 -7.0 -10.0 56.1 8.2 45.5 12.4 54.7
260 3.C 26.4 5.7 33.-) E.5 53.6 2.6 2 qo 2  -. 16.0
-261-- 2-! ,4.1 it oc ! a ,.t I.3 -1ob .1 0 7 0 -f--.-- -7 !-;-w-
262 1!91 2PoA C.C 29.2 .1 6.E6 P.7 P3., 4. a.7
263 1 C.s 44.5 -1OoO 1.3 .6 Z4.7 .6 3a. F. '4,5
264 e.9 39.a 18o6 45.3 a2.) 35.6 -o5 '1.7 .- 21.2

!.. -- -. --- -51 .? 3.5 6.9 -2 .3 38.1 .3--*2-
266 11.7 51. 1Ca4 4'Q.0 -. 1 42.5 29.1 4 . .2 57.6
267 -1c .5 26.& 4. ! o.8 s1.' F? * 7 2.4 250! . 52.2
268 1!.5 40.2 .7 30.0 5.6 63.1 14.5 '1. 1.1 41.*2 " 2 , -55-.I---- ; .do 19 5 t2 .11 5 3 0 ! -- ; *-- 68- ? 5 o 5--
27C 2.4 63.9 16.0 54.2 4.5 59.5 32.6 43.3 -1C.3 3Z.5
271 15.5 52. - 14.0 56.6 10.1 24.3 5.9 27.2 1.2 21.4

7 j .6 43.9 !.3 3P.9 .5 32.2 1. 43.' 7.- P3.42-73 -- '"-. 5Odf 346t E *I ' T' 0.3 71"s 0 , I ts 0" --- 06 2-10

274 13.4 69.4 7.5 39.o6 1.3 26.0 -10.3 70.) Z .! 46.5
275 1.8 73.2 5.2 27.7 2.3 19.2 13.4 40.0 11.5 43.4
276 1.8 33.*4 11.3 23.3 3.0 1.6 3.4 5. 12 42.2-77-- -- - - -6-1-.- ! *+ 1 7 1-- ,T *1. !2 -. W! 0, 5 • -•--t- p -5 -

278 15.1. 359. 2.0 47,b -10.0 42. 28.2 4*.! 13. . 76.!
279 1499 53o2 2.1 2.7 '3o7 59o3 23.1 343&  ".0 17.1
280 4.7 20.1 3.7 E3.3 !9.il 36 .6 5.7 18.6 Lb,7 55.4
-2 " ?a 2 -- -02 4 0 9 .J 09 S 4 C- z7- , i . Z-2
2192 1(.2 43.6 -13.3 43*f, 15o8i 4. 1'*P, 560! 1%.? 5607
263 21.2 44o 5.4 32.5 15.5 56.2 14.4 28.1 E. 34.3
284 7.6 37.2 .8 ;0.1 .6 37.5 9.5 41.0 2. 55.628---]7--.9 29-. l -,( . 5 52.5 5.6 2T." 2 q, 2 P 2 -

286 1 C.0 45.o 5.2 42.b 5.9 35.7 17.6 33.6 1.1 4%5o
287 4.1 31.C ..6 '7.4 17ol 51. 6.1 22. 7.o 2c,2
288 5.9 29.5 14.1 42.2 1.3 32.9 9.C 5i.2 1.2 2',o22&9 -...1. 5 - q o,2 d02, 1. t3 4 o7 .4 4200 -r . 09-1-
290 3.9 65.4 13.3 52.3 !.5 35.2 5.8 4,.1 34.6 4.,.
291 f.5 3P.*4 !.4 53.3 -. 3 78.2 21. 6 47.5 1.5 1 .O
292 !.b 23.5 1.5 A 5.7 2.3 4. .5 17c -1.7 3 ;. 2-293 2tie 36? o! 2 --7;s-2P.0--' !9. Tt -w '.;O-'-0;,7" - -c T-9- 3 -
294 7.0 41.4 16.4 27.9 !6.5 32.1 17.2 27.8 4.2 43.2
295 So.1 23.3 5.4 32.3 c.1 30.7 .4 24.0 1.A. 32.0
296 Z.o0 30.7 17.1 "T.6 '1.1 34.5 o2 42.S 23! .8 3795
2p-s--- 7 -9o" 5 1.7 3;, -0.0 4- -.3 2- . . !---.-1---- -
298 4. 45.7 31.6 57.5 5.1 15.1 -. 1 53.4 .3 3+.7
299 5.2 47o2 1.4 ?8.5 16.5 41.6 13.2 31.4 .1 42.7 4
300 "b.2 44. 10.8 31.,: 7.7 65.3 23. 33.6 F !.6 21.7

3C2 22o3 "0.1 2.0 36.6 4.9 20.3 1 .) 53.2 4.1 43..
3G3 7.1 42*4 16.3 54.4 4.5 45.9 -2o3 2897 4.6 ' 2, 'I

3C4 .6 51.1 10.9 38.6 13.7 46.0 18.5 37.5 Z. 13.4-- 5 c -- 01-0-- '; - - -.. 2 - .1 z- I I, -- T,- - 76,-7.
306 1.4 45.2 14.C 32. 1. 2 24C
307 e- 43o3 6a1 47.1 o9 21.6 4.1 24.E 4o5 32.6
30e 3.2 38.J* 14.1 Z4 7 -.4 41.C 13.3 32.6 -i .3 ,

--3"0 -- & 2. q- .7. -2 3 -.----..- " 7 1
310 .1 45.1 12.1 P 7.4 -,6 45.8 5,* 6.o7 13.5 a Z1.
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S 3 - 11. 7o4f TTF ;fl- - -7-, A

312 IP.3 37.2 14.3 41.4 16.6 47.3 13.3 45.6- 27.4 3e.2
313 14.1 42.1 7.1 26.., 11.1 57.5 16.1 34.4 6.4 2R.9

314 .o3 49.3 24.9 439.5 17.8 37.2 21.6 55.6 1.7 29.7

316 4.3 29.2 e.s 22.2 -10.0 ?8.8 18.2 36.E Co5 4P.0c

317 17.3 51. -. I W^.5 10.2 34.5 3.2 37.E P.2 22.9

318 1.3 41.3 1.4 16.4 .4 40.F. 5.7 2P.2 .% 3i.0

319 -oIs . 7 7-3 *3 24. 1 .1 "00 - 2 . 1
320 .3 5205 -IC.0 24.3 11.5 A*.2 isi ! .06 6O. 4,.0

321 11.6 28.1 1.2 39s.2 "b.o 3.7 5.8 2.5 . 30 8

F _ 47.7 2.6 43.1 6.5 C.4 -6,5

324 -C.o0 38.7 . o2 41.o o.1 32.*4 2r 4. 1I. .0

325 .* 14 . .1 53.5 5.6 25.0 11.9 r2.1 i. 6.?.2

32b !.2 26.3 Ion 39.5 14.4 -"2o7 18.9 33.4 14.4 5409
-32T ....- 8 -321 2T---2-Tr--2T 2--C -- Z *I -
328 S.2 57.2 10.0 22.8 9.1 53.4 0.3 26.0 11.4 98.2

329 1.9 18." 4. 37.5 19.6 38.9 .9 41.7 1.3 28.5
330 1.C5 43.8 14.3 P9.6 1.6 !9oC 10.'. 51. 6 11.2 0 .3

332 P.4 39.1 1.2 36.8 7.3 22.d 4.3 26.6 5.3 32.0
333 1C.9 34.: 6.1 26.3 10.5 24.3 -. 3 19.9 q.7 i?.a

334 4.3 24.2 4.5 43.4 !.3 29.4 10.5 45.8 2 139 .33 ------,. -- 2 - f -i0.3 C-04 - ,- - .6 --TOT- 46-.7

336 6.7 45.4 21.7 48.9 494 26. 9.3 55.4 2;.o 43.F
337 .4 37.2 16.5 30.1 14.1 34.4 .2 31.7 4.F 33.e
336 22.1 52.6 24.4 44.2 .8 2 4.0 10 .7 66.e -, .7 53.0

9 ,. M2 Z--17 Zr-o-.iT-7 - - 7'"

340 '.7 27. S.5 2. * .1 2.4 13.6 3..4 C7 1 cop

341 12.6 70.4 19.3 32.2 -2.6 57.2 -2.C 31.1 1.2 41.2

342 13.9 29.5 10. 27.7 3.4 49.1 7.r 24.6 -o 71.1
3 43- -- -at. -C 3 Z-. --- - -; -- 3 2 .a 2 .6 ' 0 . e 8 7 F - 2- , - 1 5 • ' . - 3 3 .9 -

344 16.7 27.3 e.7 4!.2 1.8 15.1 -2.2 25. .2 1. 5
345 2. 33. -.6. 28.4 8.7 "E.3 3.6 21.. 11.4 47.F

346 2.fd 40.5 4.1 43.1 2.4 40.5 7.C .c -IT? 249

348 3.5 '.0.6 22.3 34.0 13.8 34 .3 19.1 56.7 2. 71.6
349 Z.4 42.1 16.1 31.4 t.2 A0.0 2.1 46.1 2..- 38.4

350 12.7 38.2 llo 2E.9 7.3 52.5 10.C 29. 14.4 ?6."

352 19.0 46.6 -. 6 42.5 23.9 44.2 1C .1 4C.8 I.1 2I .-

353 14.4 29.3 4.0 39.2 16.0 "4.3 19.2 33.7 '.S 2 q--

354 16.s 42.6 1.6 43.3 -16.0 .?_ 2.7 2.4 . F

--355 -- *4o Zq~- -6 ~-t .0 of 7- -2 *T2 I T4 47 ;7- 4 49.
356 .7 2b.6 04 2E.7 6.3 44.8 4.7 55. n .2 51.3

357 5.7 37.4 14.9 32.0 6.0 56.4 4.4 31.t 15.1 .6.5

358 1C.1 3E93 -1Ce0 47.9 909 e2l4 0 . 39.6 6. 0 z. 2

36C -2.2 26.1 4.7 47.1 4.b 55.3 17.1 28.7 5.? Zp.1
361 9.3 39.2 11.3 47.4 0.0 1.2 1-1.6 3 .2 .5 1.OE

362 -10 . 24.4 .' 41.3 3.0 44.1 .9 27. 6 7 4 Z

3 6 3 .... . -" -2 " "'- # . . . 7 - .
364 -. 2 9.~43 20.6 58,1 .2.0 53.5 19.'. 32.7 1.6 76.-

365 1.5 36o4 1.6 4 9.o 3.8 47.4 1. o t, 2.0 -. ' *"6.8
366 16.1 35.1 -2.8 30.4 4.G 62.3 11.6 26., 691.8 -;o

-36-7- -ti-.r- .~? f -e3- -- 3D5-.4- 4!~ - I - *

368 .6 31.3 !.4 r.1 17 .7 497 26.6 ZS.5 _o,3 27.Z
36 12.5 41.0 2.5 65.6 2.5 49.4 -13. 3.7 1.. - 1.'
370 -. 1 33.9 16.3 35.1 17.9 41.b 27.! 38.1 6.5 '430..
571 .7 - 4 ,  i 0 5 T -  z 3- -  2 -  1-  4

372 p. .2 -1 S .3 -5.0 27.7 14.2 41,6 1 .2 4 h
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373 - 1.44-5~-* ~ *

374 7.3 39.1 E.0 '3.7 17.2 3*.1 .6 26.4 If.e2 ?8.5
375 11.4 44.5 19.6 FOO 9.1 22.7 6.1 25.6 "eh 39.2
376 0.0 59.2 8.1 42.1 ..O 73.q 12.1 25.5 .3 34.9
377 '"6 . a" .- i 2u.i 2 !Z'-- T-:)----tI - -

37P *2 42. 1!.1 42.5 08 C.8: 2.4 13.E '.6 26.637,9 6*7 36&4. POO 21o7 11.3 29.&, 1D&I 23.1 ISO1 510eb

360 17.7 36,6 "*6 20.9 4a0 16.5 5.7 24.2 E.0 31,
381 -IT . 4--q6P - 5I3 4 3- fI -- -- 4 4 ;'F-
32 !a3 25.2 -3.0 38.7 ,7.5 50.7 17.Q 33.4 -. 1 41.3
383 2f.0 703 G a ".,5 ?697 45*6 11 0: !o .  6oa 2. 06
3t4 1.0 33.6 11.7 29.M 9.3 19.- 3.2 26.E -I:.: 32.s35 .. .5- t---2 6V'-" ' 1 Z y6 8 '. :40 12 Op- 2Z3- 0'---- W- Z -: 2 -

366 -1.5 43*9 7.6 41.2 6.5 30.1 .9 32.3 11.0 42.3
367 .O 30.b 3.7 6G.4 5.3 17.1 2.1 27,. .3 48.
386 It,.4 4e,7 12.7 41.2 6.5 4194 -10,0 6.,F -,.' 3299
369 ... ";'-5-a . 1 'q.'J %Z. 3 b,, - -TS 9 at 42 1e 3L;T-T-,TT 39

390 !.9 31.4 l.O 31.7 12.0 47.4 6.3 26.C E°. 35.3
391 7.1 51.7 9.0 41.3 1'..1 27.7 7.1 63.1 2.0 43.5
392 !.1 26.6 -11.4 65.2 -10.0 43.9 29.7 42.6 .0 21.4
3"93 ---- C ,= 53 aC ,4 I '5o --5 rf al q. 2 a 7 3,VI 32o4 0 ! vs,'-7-

394 24.1 43.: 2!.4 *6.1 5.1 39o6 0.C 440 2.5 40.4
395 10.7 40.' 1.- 6 3800 1lio0 2-.5 9.2 29. 12.6 29.6
M6 2-7 60o,- "IU,0 48,2 19.5 49.4 -2.3 46.7 1.1 28.0397 - - -s''- I a,07 W-,5T zL; -= b .4F its.3 5 .z 2, o 25 . 1 -- ' 52--4-

398 2.1 22. E4 2!.6 8.7 42.7 23.4 61.5 .= 15-1
399 !o0 42.1 1.6 32.2 1991 34.8 3.e 37. PF. .-6.2
400 -10.3 39.5 4a1 31.2 19.2 31.1 6.5 37.5 26.C 40.3

402 P.s 51.1 S5.6 32.9 14e8 64.4 14.,3 26.5 .20 33.9
403 -,7 2AI 5.1 24.9 9,1 !7.7 29F 4'., -1 *10 40.3
404 2o3 49.7 3e2 21.3 6.2 34&9 26 4!3.2 P!.1 31.2
405 Te--8.-T--2-7.2 43 . .9 ' 30.+ 3 . 5-r--4----T-.-6- -- ,-
406 -2,1 43.3 20.5 37.8 13.8 47.0 1.1 41.o Z. 13.7
407 1.2 25.7 5.5 15.4 5,2 !7.4 -10.0 30. a 11.4 2q.!
408 t.1 5.0O 34o3 74.2 13.6 -1.7 1.6 25.7 1..7 34.

41C 7.4 40.3 6.6 22.4 .3 31.3 15.6 26. 4.7 14.F
411 Ze.4 38.5 .oO 60.2 -10.G 74.6 14.9 52.0 '.C 42.3
412 12.C 25.6 -. s FP.7 2.2 !6.1 .7 16.' 6, 55.=I'
-4,. e io 1 . .9 ot 5. a T'- -4 3 ;6 --

414 1.3 29,5 5.7 56. 32*4 52.5 -5.8 64.4 1P-1 6 8.6
415 2.2 32.h -10.0 26.5 .1 29.2 12.3 42.4 1.3 30.2
416 5.7 17o9 E.1 30,3 5.0 16.4 5.7 24. 1'.ol 37.5

41d 5.7 26.6 1-.4 41.1 4.3 35.2 16.0 45.5 32.0 47.C
419 -1C.0 56.5 4.9 76.3 4 .5 46.2 1.1 259P 15.! 38.7
420 o5 48.5 1.7 36.8 4.*4 ;3.3 4.5 27.2 4.1 20.34 2T-- .... W 1" .2 -3,t -*,a 0605 1- 15. "a T - Iro- 32.e, -'r 1 L-- TT 07

422 -. 9 38.1 21.2 7*.0 *.4 2.e5 8.2 57.1 -1[.C ,o.Q
423 4.3 25,.s 4.0 26.2 3.9 38a2 3 . k 'q6 ap 4", i.--
424 22.i 34*.7 1.6 ?4.2 5.l 33.2 3.? 17.' ".5 7T.24 25 --..-:r m'Z""i ".-- . .2 1-0.1 1.6 -3.1 29..- Me .2 ' i e ." -- 7 =z; -

426 -.2 46.3 2E. 46.2 3.1 A0.7 -13.0 42.E 21.*# 5-6
427 4.9 27.0 2.1 F2.1 *1 25.6 5. 47.4 12.3 C07
428 7.€6 29.3 1.1 24.3 11.1 68.9 11.5 47.E 7.2 23.2
S22 2--Z--T 3,1 37 -oF , --- a T,4
430 1.7 70.4 -. 4 36.0 -1.0 b4.5 260c 38.4 1C.C 51.3
431 I 97 32.4 14.P, 4 ,7 "6.5 !_3.4 29.6 4f*5 9 .1 21.1
432 F 06 55.C 7o3 .24.1 4e1 Fs.4 as.1 p?5*7 .4 16*.3
433 o.IS 0 on 0 0 TT- Z .. 3-
434 S.O 34.6 -10.3 24.5 14.3 3c.4 .3 39.1 a3 31.,
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t435 -... oI 6- 3 Or ' - E-0. T t-- - . -- 1 0 , 7 0. 1 -=2 OF -- 3"o.

436 12o9 26.4 -. 2 454.6 - .. 9 =.0.7 1Cof 7,0 a .. 2 "-C.1
437 ;.8 23o6 7.0 72.6 7.2 29o9 1492 3a.5 7.1 I9o6

438 -1 C..o 68.e 7.1 w6.5 10.d '3.1 23.1 39.5 7.0 49o4
-43 9- -7. a5 05.2 !t 2. ; ,..- . . ., 25.
440 1S.o1 42.4 o2 73.0 5.8 31.9 8.2 52.6 17.2 3 5 .6
441 .1 286H 13.° 51.3 '8,5 F0.3 3.0 47. -10.9 42.7
442 1e4 40.2 .Se 77.5 17.5 Z3.0 1.6 24.c '.7 40.5

2 .- -8 6 204 5 . - ,38- - Es
444 4.6 26.6 5.6 21.3 h.7 25.9 7.6 33.5 3.7 28.9
445 !.6 28.6 6.7 53.9 13.3 28o -13.0 25.E 11.6 23.0
446 o.3 2z65 0 2-4 r3 6 5.' 6 -4

448 14.9 28o* .1 54.1 6.2 24.1 .1 55.0 12.6 6.
449 1.3 37.3 5.9 43.9 -1N.0 33.9 5.2 16.6 2.2 4 .4450 ".! • 27.0 13*3 41 2 4*0 2,309 2,,9 35e2 -=.5 18.2

.. . .- "--'. 3 . i -gr5. 0- 0.6 a" oF 0 .6 356 7 ... C---3 '
452 -el 46.1 2.6 32.0 3.3 24.1 6*0 3. 14.0 !7.0
453 18.1 52.9 -10.0 S6*9 1.3 64.0 -,4 50:E .,7 33.E
454 11.6 28.4 .3 24.1 .3 38.7 7.0 22.7 E.6 38.1

-455 ic r 51.5 a .0 V-, ,. .Z. 14.J 369 8 , --- ?
456 -. 1 32.5 ,, 31.1 16.0 32.8 3.6 30.7 .7 42.9
457 -1.0 36.9 7o6 43.1 12.2 45.6 9.8 32.7 .. 43.4
458 2F .2 40.2 20.7 66.3 ,2 23. 11.5 56.9 1Ua4 44.6

-459 2 .V-3# 9-2.3 63.6 eo. 7 P3;4 . e ' 3.3 A 1.--20.9-460 C.0 19,2 -1*1 17,1 -,7 51.9 -  7,! t^, "Iro, '"05
461 12.0 47.5 -. 4 36.5 13.4 F1.5 17.1 34*1 -2.' r 8.1
462 6.3 '1.0 4.2 40.6 12.6 32.1 2.4 42.4 .t 37*6it r-_ r. f:---5".5 5.. t 2 . 5 t9 .4 !5.6 5 . i - .1 1 . L 55.?
464 1E.5 54.5 1.3 6-.4 .5 31.5 -10.0 36.C 12.9 37.5
A65 16.5 31.3 16.4 '4.) 5.2 26.5 9.1 27.2 3.9 '1.7
466 21.5 49.3 63 28.5 1.1 32.1 9.1 54.4 -. S 2l.e.44 67 ..-- "-- .7 32. * -! 5 • 1 , "-- 1. tF I -, 7 A'.2 2 7 .7 -- , 2 4 * P -
466 1Z.7 37.4 -. 2 28.1 -10.0 49.9 5.3 51.7 1.2 15.0
469 Z.7 33,7 14.2 33.4 14.8 29.4 1.0 62.7 -2.3 31.i
470 ! ol 60.5 10.9 35.0 1.8 55.1 .a -53.0 I. 27.7
47-1 -r- .t550 -- t-o-4 !! Ft& 1? 05 OF a, 6 !! . 7w , ,
472 1195 3090 -10oO 3494 15.5 30.7 5.o 39F 2 6.4 54.3
473 21.2 39. 2.3 35.3 14.9 31.3 17.4 '1 .7 -. ' 2C.2
'74 .2 61. -1.3 24.6 6.1 49.1 -4.3 37.2 2. 37.,4
-75 ... . 9 r - 3 . . . . 3 ., r. "I7 ., 0 M- -
476 -ICoO 46o4 -o3 37.3 i.1 56.5 12 43o7 14o1 24.9
477 3.1 46.6 21.6 36.0 1.9 31.2 14 0 31.5 -. 7 39a0
478 12.0 40.5 -. 1 45.4 7.4 57.2 3,4 9 47.2 4.9 26.9
480 '0.5 70.5 .) !.6 f.0 65.3 ". 4q.1 '.5 C 5.3

481 !.3 17.4 -. 2 43.6 '70.8 35.3 13,4 33.C 12*.2 41.6
482 7.9 31.5 12.3 33.7 7.4 57.8 2*,6 44.1 17.2 44.2-4 8-3-- -_ { O 5---3 @ 55? 93*1 10.5 -2,.2- t .! 25.1 t- .; - --- 3-7--
484 1'9.5 44.1 i@2 34.2 2.3 !6o2 -05 33&4 11.5 3z2.6
4s5 I. 0 61.3 !e3 4.32 9*7 21o! 7e4 40oe ! 2 102
4b6 2!.5 35.) .1 5.;4 -1.3 24.3 8.4 23.6 7.7 .4

488 .1 31.9 4.1 29-2 2.5 36.0 18 .3 33.6 . 11.4
469 C.0 54.4 5.5 25.1 09 C7,7 4.1 40&7 2r-2 '4 f.
490 1!.1 6900 .5 33.m 15.8 '5. 9 .3 69.2 "3.1 "z o r
491---174 92 26,6 "1u,0 2?,7-7 5.i 5&. . .o 0 ?,- 5. -3
492 -. 47:7 .11.2 35.4 4.1 64.7 .Q
493 -. 1 31.7 20*5 3S., 12.1 53.2 10.2 52.1 1 6 .9 S5.1494 4.5. 37.3 .6 21.3 7.2 17,A -7.1 .3 11, 31.3
*9 1*---- C"- 0--tv-- -t O -e -", ..q, 2 ea ! oa1 .6 3.a.. -T -V -. I- '
496 22.4 41.2 1.4 26.4 9.4 41.8 9.3 37o7 11. 22.0
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49T -b.Z 42. a 96.31 8~~ 7 r3 5---~7
498 .95 25.3 7. 62.3 0...9 4bo6 -1.7 41.1 -1"*0 49*4
499 ;.* 2Z.9 1.1 15.9 5.5 2.! e7 22.4 -.5 IF.5
500 7.2 37.4 e.3 27.*8 0.0 45.5 5.3 22o• -. j 34.4
501- -T. -- T- - -; --- ? - ... "- -5-"-- - -
502 S.9 26.P 11.1 42.9 6.5 23.2 -10.0 32.7 12. 4 40.6
5C3 14.4 37.5 1.3 62.1 1.7 13.9 -1.3 35.1 5.1 41.5
5,4 l.9 A1.9 !.5 1.5 !3.4 44.1 15.! 44.9 2' . 43.7
505 - - '- 57 13- o- - - - '- 4 5 - 4-W ..5 - - .2 1 - 78 -  .. V'- Z--
5Cb 4e5 28.0 6 . o 33.E -13.0 43a5 22.5 41.2 4.3 *39.1
507 9.7 34.7 5.9 35.5 10.4 29.7 .2 41.2 1.7 22.7
508 S.o 25.1 -4.0 50.3 3.2 21.4 2.5 35.9 -1.9 37.75C .. -- - r'- 4 ; W---41's T. 71. 0 .!S3 aG. a r !. ! 3T-- '' ,z -I * e -P

510 1.2 6o.3 -10.3 39.2 11.7 20P4 .8 71.8 12.: 43.7
511 2.*1 36.P 2.2 52.7 9.9 47.4 b.e 43.7 .24 49.2
512 12.7 61.3 2.3 56.0 3.4 '5.8 17.7 37.2 2.2 20.61 ...----- I-Z2 -1 -- -- !-! 0 a 180o3 -'D.6 1 q, 2 T--7 -- 3 1 - -

514 -lCaC 51.! 3f.£ 47.4 12.9 4r.2 5.0 2 14.4 43.6
515 15.9 39.6 19.5 45.4 -. 46.1 706 38.1 1S.7 42.6
516 - 4 38.3 18.8 32.4 3.5 24.5 3.4 47.Z 31.2 42. 4
5-1-7 e E.9 1-. T. an .E9 T. 1 24.*2' 17eS. 3 w-- - q; C '- -Zq,7
518 Ae? 4PF !97 ! ,C 1 7,3 79 o1 2 .? 40cl a. 1 * 1 .'RI

519 1f.6 45.4 E. 43.1 3.e 32.5 2.! 52.8 z., 24.9
520 11.4 30.2 7eh 49.7 03 58. F b 45. 14.6 32.1

-52t . 51 3N..5 7 4 0 1 .d , - .r37,6 9-1- T--3. 2
522 f.e4 39.5 7.9 36.1 0.0 48.1 19.6 67.' .F 25.2
523 Z.1 2!.3 f7 37.1 10.4 '0.4 1oC 24.4 7S . ,.i1
J24 4.9 32.7 e,7 66.1 11.0 7*4 11.7 29.6 t03 23.5

25 -- 2 --- 2 1 * 9---e-3- - 2 - T 15 7 -0-' - - - 3 r .
526 5.0 43.9 4.1 17.8 b ,. 7  19.8 .6 46.6 6 .3 30.5
527 3.6 36.5 1C.3 3 36 a=.5 53.1 1.9 26.7 ! . 33.)-
52 1C .6 35.5 12.4 34.1 !3.4 6 .5 17.2 32.C I.' 46.7
529 -- -- I C e 0 I,.3 2- 3 -2- "T 5I
530 .3 33.0 11.1 t5.0 17.7 49.9 9.1 35.1 12.3 53.5
531 .9 , 1.3 5.8 3 .9 22.8 77.2 1.1 65.2 11.6 24=5
532 9.3 67.6 -1.2 56-9 -1.0 44.3 19.5 54. ZZ. 9.3

534 <.6 28.0 10.0 C e.6 13.0 43.8 23.3 45.4 7.= 25.1
535 R.3 52*' 6.4 440 1.4 32.0 b .0 42.4 12.5 - 39.1
536 22.7 4G.5 5 21.9 16.2 28.3 6.5 27.2 -IC.0 37.0
5 3T .... ,c 3 3---3 3- 0o 2&2 76.*5 -- 157.-a ---- ----. I' -

538 11.7 422 lei "598 .7 i f !396 45.9! . 4.

539 C*a 26.9 d09 4e.4 20.3 34.3 .6 29.4 1E.3 47.2
540 IE.6 48.6 16.8 '4. 12.4 25.8 -IC.0 60.4 171.5 34.0-54,-- ---- 2 3 1 . M 2;---- -1 . ff. .. --- 8 --- 77-;'i -r ; -'--'T.--

542 .6 35.2 24.1 36.2 -. 4 33.3 11o:- 23. 1.! 23.-
543 ,5 32&7 8.1 31.5 12.3 40.! 6.4 3.2 c OC 6.4
544 Z.6 25.3 .2 14.1 -10.0 23.8 11.4 253.7 7. 24.3

546 C.0 14.6 4.4 41 .5 1.7 29.1 . 42.S 2.7 31.5
547 15.5 36.7 9 . 24.6 9.6 !3.6 12.' 23. 1.0 22.r
5P Or f.8n 64.3 -19 ' 0-Y !., 1.2 3.? 11.2 4l.2 ',€ -* -4

550 !. 67.3 25e; 5.6 :b.4 3*.6 4o7 26e4 ,.. 17.4
551 !.2 22.4 1.1 41,a 7.8 29 .0 2.7 3-2.5 1 .3 2P.,
552 -1(, . F 3," 18.3 L,..A 1.& r6. ? 1.7 Z 3-a .C 4c.

554 .1 20.2 4.6 37.7 '.5 24.0 5.9 54. 11.6 23.2
555 7.8 J,0.6 5.7 2196 9.2 24.9 11o6 39. -1700 38.9

5 1.7 24.Z .4 24.1 3.2 16.2 2.4 20.7 C. 61. -

55s 5.4 20.6 !,e 26.0 7.3 33.3 17* 2. 2 .' 20 e
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=59 - 4 ;-4 3S-E 4.- -4 o-4--5-- 2 .'-T.3 T 25.55 60 F,3 4+5.5 13.9 25.4 u.3 37. 1 1-- .3 2P.] . 41.

561 11.0 63ee 2.3 4 .7 7.0 40.1 14.3 47.6 3(-
52 1".7 29. : 6.2 3-0. ':1.5 41.2 7.1 53 2 .A 4 . 3

-563-----T.7-- 7 J----, 4+ 0 1 -i,. C 1 2 ;a3 S,+.4 --I F-- -- ; - .- I- -

564 -.1 35o% -4.4 31.5 7.3 c'3.2 . 44.6 E ,5 47.2
565 1.2 29.9 .9 4 4.b 16.8 36.2 2.1 34.6 7.4 4A.P
!66 aS 23*6 !*7 4204 198 1 i+4 6o4 32eF

-  
Z.P 17*9

=,67 -a_! ' ,,I*;3---o- " T .- C -- 12 -F - .- r I . ....- -T 'T -37o.T

568 1.7 19.0 2.1 21.4 1.0 57.5 6.3 22.! F.! 5P.2
569 5.5 31.1 1.3 35.2 3.6 26.5 6.m' 47.4 2e 22.5
570 !.d 26.9 E.7 22.4 .6 2.3 ?.7 44. . .=7'r---t : 2=. .1 - _. i .f. 1. * 7 - -- 1 7

572 ;.2 23.o c 2 41.8 15. 9 46.e 23.3 73.' 14. 25.4
573 2o4 22.1 2.5 25.6 b,7 41o7 2.0 53.1 4.7 4.2,5
574 17o3 27oc 14.2 42.7 1b7 49.1 -3.4 26.8 -jZ1. 45.35T5 -- j -U- 4-2.-r, -- 23 a ':' Lb.;2 - 41.. t3'r- ,E :--2 .+

576 14.7 40.5 2.2 A5.5 1.2 33.0 2.6 64.! t.e !F.o
577 1.7 25,9 !.9 '903 !1.5 54.7 6.6 E 99 .1 29.2
578 9*5 22.0 7.1 45.1 9.1 22.7 -10.0 37.8 t ,7 35.6-- -9----1+ - "-'2q-I5 Q o. 4 2.3 M .3 V5.S -i .2 26.6 n;,72--77; --

580 6.7 33.4- 23.2 '1.0 '2.9 40.5 .2 52.95 1' 4 1.
5el 14 ,9 4797 2,0 "a,7 *4 24.o. 11,4 3 1,9C A , =  51 01

582 17.7 32.o 4. 2C.7 -0o 44.3 .7 41 .3 .'.4 41.
583 .. .T g e- 3 o2.5 + 7 2o ... 2
564 11.4 28.I 6.8 31.7 i.1 36.9 6.4 2C.7 54.0
585 P.b 26.5 1.3 12.2 -2 50.9 5.0 45. 6,7 35.3
58b Ioa 5Go4 -IC,3 2S.6 3.7 !F.1 29.3 47*. a3 .o 36o9 F58T---- -- - ""; --. "SF.3 1',15 266e .b 4 -r -- -:-A = - . ;

568 po4 45,9; 2,3 38.a 5.3 2 7 1 1 26.7 7.. 31.2(
589 -. 3 1 .. 0.0 31.4 12.8 32.7 7.5 47.5 a.. 50."
590 -10.0 45.' -1.2 14.9 -6.4 51.3 15.1 200 - I '9.3

592 -.6 19.1 5.2 63.9 .5 23.5 2.5 26.- 1:1.0 4-2.4
593 -,5 #6,l 3.3 20,1 9.8 60.4 ,2 3P9. -1.3 44.5
594 P.7 41.7 7.5 33.5 2.5 12.2 A.3 3c.5 2. 37.7

--59 5- ... . -2 -' * - r - z.1. 73 13 7 r ;i,3 '-77 - 1 - .3- 2 b --T- - - .4"- -' "4 -T-

596 lo 52.3 4.) ! F.8 8oO 6.7 Oo.! 14.6 4Qs3

597 17., 3b*9 3.9 27 10.4 37.3 -13.3 !.Fe! . 27.7
598 e1 56,1 37.1 48.9 3.2 45o5 2, 43.1 b.4 37.2-599 -I'- C; -+F.Z--.7-4+ 23 .8 r--- T-.--- - 'F .,7- 2F.4+

600 1C,4 38.9 91 2296 7.9 49.8 16,i 27,0 -1l 36.4
b6l 12vC 45o2 20.7 5 .. -i.0 4.4 9C 1, ' i 'I '.1
602 1.o 50.5 692 52.5 6.8 37.1 1595 44o2 -. 7 ? ,7
6C3.. 0 i.i -.-- e5 logY , 1 T04-T--3T..- . I -- Y E-
fi 11.2 58.2 8. . 47.9 7.7 62.b 32.4 55. 4 1Z.6 31.F
605 E.1 43.2 -10.0 27.3 5.5 30.2 15o4 32*7 :. 32.
6C6 1.9 22.3 5. '6.2 15.7 7*6 4 47o2 1 PF.5
607 9 i* -5* 7t----I -r9-- .-- 26, T +-- i , o, Ib
608 !.7 25.1 55 3?9.6 '0.8 4099 -,C 4Zta6 1%! 502
639 -1C.0 37.3 1.2 36.3 3.5 26.6 3 . 22 . 6. "1.1
610 121 28.3- **4 A2.a 9.6 34.- -3.5 31 7 '.1 22.&

2 -. 2 33.7 2-.%5 47.2 1.a 35.3 5. 47.4 -12:. .7
013 23.0 48.5 0.3 37.4 2.3 23.3 4.7 ?5.9 ,-.; 5?.c
614 .5 21.1 8.3 31.6 12.3 47.4 18 .3 32.1 1. 3 a-615 "---T7 .I +  7g; -- " .-- 3. -. - . -- ' V - " -4---1 . 1 .5 33.2
616 f O 0 40 3 109 ? ,6 74, A fi * 7 -"10 :3 1, -7* :0 Z. 7-m

617 11.5 *1 .05 15.,5 4.7 25oo 14.92 '52.5 1,3 2 .&
618 Z.7 64.5 1.2 22.3 9.2 '48.5 8.m 37.0 t.4 23.4
611 -- w% 9r,-+-4' -t 3-- 1.6 11 Z---7 ,0C"-T7.-5 .
1620 12o3 26o2 2,6 r1.3 -1.3 12-1 "01 3'.0,€ .". . " .l
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